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Biomedical trees



http://www.tolweb.org/tree/



Taxonomy
Browser

Lineage (fully: root; cellular orgarisms; Eukaryota, Fungutetazoa group; Metazoa;, Eumetazoa;

————
Bilatenia; Coelomata; Deuterostormia; Chordata; Cramata; Wertebrata, Gnathostomata; Teleostorm;
Euteleostormt, Sarcopteryon;, Tetrapoda; Ammiota; Mammalia; Thena, Euthena, Euarchontoghres:;
(Ghres; Fodentia; Scwroenatht, Murowdea;, IWundae; Munnae;, Ivlus

o Nnus musculus thouse mouse) Click on organism name to gef more information.

®m Nus musculus bactiianus (southwestern Asian house mouse)
m [us musculus castanens (southeastern Asian house mouse)
m Nus musculus domesticus (western European house mouse)

® Mus musculus gentilulus

® \Ias musculas homoms

®m Nus musculus molossinus (Japanese wild mouse)

m Nus musculus musculus (eastern European house mouse)
m [Ius musculus praetexius

® Mus musculus wagnerl

http://www.ncbi.nlm.nih.gov/Taxonomy/




Medical Subject Headings

Arine Acids, Peptides, and Proteins [D12]
Protems [D12.776]
Cwtoskeletal Proteins [D12.776.220]

Arune Acids, Peptides, and Proteins [T12]
Protems [D12.776]
Contractile Proteins [D12.776.210]
Muzcle Protems [D12.7776.210.500]

Arune Acids, Peptides, and Protems [D12]
Proteins [D12.776]
Membrane Protemns [D12.776.5435]

Ankeyring [D12 776543 080]
Arresting [D12 776 5430907 +
Bactenal Cuter dembrane Protems [D12. 776,545 1007 +
Calnesin [D12 776,543 162]
Connexing [D12.776.543 225] +
W Dystrophin [D12.776.543.250]
Dystrophin-Azzociated Frotems [D12. 776,545 268] +
Ephring [D12.776.543 287] +
Heterotrimenc (GTF-Bmdme Protems [D12. 776545 3251 +

http://www.nlm.nih.gov/mesh/2007/MBrowser.html




Gene Ontology

all ; all [189453]
& G0 0008150 ) biological_process [1377432]
0 GO 005007 ¢ biological regulation [19935]
0 GO0050789 0 regulation of biological process [18154]
0 G0:0019222 ¢ regulation of metabolic process [9816]
@ GO:0019216 : regulation of lipid metabolic process [108]

8 GO 0008152 0 metabolic process [54684]
0 GO:0044228 0 primary metabolic process [443818]
8 G0 0006629 ¢ lipid metabolic process [3940]
E GO3:0019216 : regulation of lipid metabolic process [108]

B G0 0019222 0 regulation of metabolic process [9816]
@ G0:0019216 : regulation of lipid metabolic process [108]

http://amigo.geneontology.org/cgi-bin/amigo/go.cgi




SNOMED Clinical Terms  IKCANOIN

Hiearachy for 'neoplasm of breas

|‘ﬂrl eoplasm of thorax
l'i disorder of breast
S Clneonlasm of breast
T['i IEIE!HI!JH turrll__lr I_I_T b r'I:f-:I.E:t
+['i|:-E|.r| noma in situ of breast
+l'irr|-|I|r1r|-|r|’r turmor of breast
+['ir| oplasm of fermale breast
+|,'ir||—'| iplasm of male breast
+['ir| oplasm of skin of breast
+l'ir| oplasm of uncerain behawviar of breast

subtype hierarchy

http://www.clininfo.co.uk/clue5/clue.htm




Biomedical trees revisited



Medical Subject Headings

MeSH

Amino Acids, Peptides, and Proteins

Cytoskeletal
Proteins

a

Proteins

Contractile
Proteins

a

Muscle Proteins

Membrane
Proteins

a

Dystrophin

Heterotrimenc (3TF-Bmdme Protems [D12. 776545 325

http://www.nlm.nih.gov/mesh/2007/MBrowser.html




all © all [189459]
e SO0003150 ¢

O SO00s0;

0 SO0

0 GO

O SO000815z
O SOr00ge:

PREEISE

M SO 0nlas
0 GO:00

biological process

/\

biological regulation metabolic process

a

regulation of ; .
e primary metabolic process
biological process -

a

regulation of lipid metabolic process

metabolic process /

regulation of lipid metabolic process

http://amigo.geneontology.org/cgi-bin/amigo/go.cgi



SNOMED Clinical Terms  IKCANOIN

Hiearachy for 'neopla:

|‘ﬂrl eoplasm of disorder of trunk

ﬂliljljr-ril:-r- of b /\
S Clneonlasn
Tﬂ t'E'HIEHI t disorder of thorax neoplasm of trunk
£ e Carcinar T F
£ Ta malicna
T['i neaplas

+ l'i neonlag disorder of breast neoplasm of thorax

+l'ilr| oplas \/

+ neoplas
[dneor neoplasm of breast

http://www.clininfo.co.uk/clue5/clue.htm




Terminology integration
Unified Medical Language System




Addison’s disease In medical vocabularies

4 Synonyms

e Addisonian syndrome

e Bronzed disease

e Addison melanoderma

e Asthenia pigmentosa

e Primary adrenal deficiency

e Primary adrenal insufficiency

e Primary adrenocortical insufficiency

e Chronic adrenocortical insufficiency |

eponym

symptoms

clinical
variants



Organize terms

¢ Synonymous terms clustered into a concept
& Preferred term

¢ Unique identifier (CUI)

. Addison Disease MeSH D000224
Primary hypoadrenalism MedDRA 10036696
Primary adrenocortical insufficiency [ICD-10 E27.1
Addison's disease (disorder) SNOMED CT 363732003

C0001403

Addison's disease

e



SNOMED International

Diseases/Diagnoses

Y

Diseases of the endocrine system

_

Diseases of the Adrenal Glands

\

Addison’s Disease




MeSH

DIEERES

L

Endocrine Diseases

Adrenal Gland Diseases

Adrenal Gland Hypofunction

Addison’s Disease




AQOD

Endocrine disorder

/

Adrenal disorder

/

Adrenal cortical disorder

Adrenal cortical hypofunction

Addison’s Disease




Read Codes

Endocrine disorder

/

Disorder of adrenal gland

Hypoadrenalism

Z

Adrenal Hypofunction

———

Corticoadrenal insufficiency

Addison’s Disease




ICD-10

Disorders of other
endocrine gland

/

Other disorders of
adrenal gland

Primary adrenocortical insufficiency




Organize concepts

¢ Inter-concept
relationships: hierarchies
from the source
vocabularies

¢ Redundancy: multiple
paths

¢ One graph instead of
multiple trees
(multiple inheritance)

b
B\/D\/E\/H\ (EJ(FJH] @&
OG),
_/

A
C
D) E




organize concepts

SNOMED
MeSH
AOD

Read Codes

UMLS

Endocrine Diseases

groseesesnas sy Adrena| G|and Diseases .
Adrenal Cortex Diseases - 5
I -
|
v .
Hypoadrenalism -
: | 2 ;
“-»| Adrenal Gland Hypofunction f-i--
v
Adrenal cortical hypofunction [«

....
..........
....................
Ly T




Endocrine System

Abdominal organ

:

Endocrine Glands

\

Adrenal Glands

Adrenal Cortex

DIEERES

¥
Endocrine Diseases

Y

Adrenal Dysfunction

==

Adrenal Gland Diseases

Adrenal Cortex Diseases

Disorders of other

Y

endocrine gland

Adrenal Cortex Dysfunction

\

/

Hypoadrenalism

Other disorders of

A

adrenal gland

Adrenal Gland Hypofunction

e

Adrenal cortical hypofunction

/

Secondary hypocortisolism

Addison’s Disease

Addison’s disease due to autoimmunity




A Source Vocabularies

¢ 139 source vocabularies
e 17 languages

¢ Broad coverage of biomedicine
e 5.0M names
e 1.4M concepts
e 16M relations

4 Common presentation

(2007AA)



Semantic Types

Anatomical
Structure

Fully Formed .
Anatomical | . Embryonic
Structure Structure :
.................... : — -
: - e Syndrome
“..._| Body Part, Organ or ...................... :
Organ Component | 7"~ L . Pharmacologic Population Semantic
Substance Group Network
Metathesaurus

Saccular \

Viscus . '
/ Angina

Z? Pectoris /

£ — Cardiotonic
205 Agents
/_eft Phrenic /\ /
Nerve ", / /
-~/ Tissue
Heart Fetal 2o Donors
9 Valves 31 Heart
Concepts




Biomedical forest
VS. graph



UMLS Knowledge Source Server

UMLS Knowledge Source Server (UMLSKS)

::_ 0024E 200240 200240 200548 2005AF 200340 2004 40 2004 AF 2004 47 200540 20054F

,-,___|_|!-|;_'-E -I-II-II‘-u_H__. Al

Metathesaurus Seman’m: Network SPECIALIST Lexicon

» Hotne

— . ] I'. L8 LALl 51
L TETIEWT

Laxican

» Frequently Asled Ouestions i Advanced Searches
» Edit Views/Profile Sele 5 ©Metathesammus Advanced

» TTMLE Enowledse Scources L Addison's disease| Facilitates advanced searching

of the T etathesavris
o= '] 2
M Semantic SPECIALIST . .
etathesaumns Metwork Lexicon
Concept
Search

About the UMLSKS r! ﬁl

search Tips. .

queries, and using a

cotntnand-line type interface.

http://umlsks.nim.nih.gov/




Addison’s disease iIn UMLSKS (1)

Ancestors:
MeSH
MezH Desc

MMe
'|.|"I o

MeSH Germnan
Endalrine Eranlchetten




Addison’s disease In UMLSKS (2)

Ancestors:

Alcohol and Other Drug Thesawrus

CERISP Thesawus

iz £t

LML LT L AU LT




Addison’s disease in UMLSKS (3)

Ancestors:

Alcohel ~and Méhar Thase Thacame
heal [ICD-10

[

e, nutrtional and met

~[MedDRA
Endocrine ¢




Addison’s disease in UMLSKS (4)

Anc--?stu:urs:

MeS|| Alcghe! ~nd Nihar Thae Thacanes
ICD-




Addison’s disease in UMLSKS (5)

Ancestors:

MeS|| Alcohal and Nihar Thae Thacamme

Me:| heal [ICD-10
Int|  dis| End|MedDRA Tonanaca

Ll e| Di| PI%|SNOMED Clinical Terms
2| Clinical finding []
Finding by site []
Finding of body remon []
Finding of trunk structure []
iFeneral finding of abdomen []
Abdominal organ finding []
Dizorder of adrenal gland []
Dizorder of adrenal cortex []
Adrenal cortical hypofinction []

Primary adrenccortical insufficiency []

=—|| SNOMED Chmical Terms
Clinical finding []
Finding by site []
Finding of body remon []
Finding of trunk structure []
iFeneral finding of abdomen []
Dizorder of abdomen []
Dizorder of adrenal gland []
Hypoadrenalism []
Adrenal hypofunction []
Adrenal cortical hypofinction []
Primary adrenocortical msufficiency []




Siblings

Concepts &
Ideas

¢ Chnical
Syndromes O

Disorders

* Aarskog
syndrome

+ Abstinence
Syndrome O

¢ Achard
Syndrome O

* Acroparesthesia
Syndrome O

+ ACTH
deficiency O

* Addisoman
crisis O

* Ache
Syndrome O

¢ Adrenal cortex
atrophy O

¢ Adrenal
msufficiency due
to adrenal

Dorne

UMLS Semantic Navigator

§
i Nan—NEUp!SE;Q:EHaJ Gland Metabolic disorders NEC Adrenad cortical dysfunction Dysfi
§ & § § §
& o =
§ Adrena gland hypofunction Adrena cortica hypofunction
Addison’s disease
§
‘ e _""_..——'—' by
P >
| BCI | Addison's disease
l Start ogoin | LApply new parameters | Similar Concepts — Closest MeSH
Restuict to Show all 3 Terms
wfmlfldm}.; + Adrenal cortical
Highlight Nothing 3 hypofunction O Main Headings

vocabulary:

Rt

Cortex O

Chemicals &
Diugs

+ Acetaminophen
25 MGML |
Dextromethorphan
1 MGML f
Guaifenesin 10
MGML f
Pseudoephednne
3 MG/ML Oral
Soltion ﬂ

Co-occmring
Concepts

Anatomy

+ Adrenal
Cortex [14] &
* Adrenal
Glands [18] &
+ Liver [2] O

Chemicals &
Dirugs

http://mor.nlm.nih.gov/perl/semnav.pl



all ; all [189453]
& G0 0008150 ) biological_process [1377432]
0 GO 005007 ¢ biological regulation [19935]
0 GO0050789 0 regulation of biological process [18154]
0 G0:0019222 ¢ regulation of metabolic process [9816]
@ GO:0019216 : regulation of lipid metabolic process [108]

8 GO 0008152 0 metabolic process [54684]
0 GO:0044228 0 primary metabolic process [443818]
8 G0 0006629 ¢ lipid metabolic process [3940]
E GO3:0019216 : regulation of lipid metabolic process [108]

B G0 0019222 0 regulation of metabolic process [9816]
@ G0:0019216 : regulation of lipid metabolic process [108]

http://amigo.geneontology.org/cgi-bin/amigo/go.cgi




GenNav

rEgulation of lipid menbolic prooess
GOO019216

biological _process

/ \ is_ art_of

biol ogical regulation metabolic process

\

rEgulation of membolic process lipid membolic process
GO0O019222 GOO006629

regulation of biological
process

rEgulation of biokgical pmooess . primary mekbolic process
\ (00050759 art_of GOO0403E

regulation of metabolic
process

hio ko gical reguk tion ek bolic process
GOO063007 GOO008152

regulation of lipid metabolic
process

primary metabolic process

lipid metabolic process

http://mor.nlm.nih.gov/perl/gennav.pl

bio ko gical _process
GO 0008150




Semantics of the UMLS graph
Issues and challenges



Visualization of large graphs

disorders NEC

Infectious disease of abdomen

Endocrine infection

Tuberculosis of other organs
NS

Non-Neopl astic Adrenal Gland
Disorder

Inflammoation of specific body

Tuberculosis of adrenal glands

L

Adrena gland hypofunction

syndrome

2Ll structures or tissue
§
|
of specific body Inflammoation of specific body
stem s organs

Tuberculous Addison's disease

Autoi mmur

Addison's disease




Jocrine System (Hormones)

Non-Neoplastic Adrenal Gland

Disorder §

Adrena gland disorders NEC

wn

jous disease of abdomen

Endocrine System Diseases

Adrenal gland hypofunction

§
Adrena Cland Diseases
H-'““a,_.
Metabolic disorders NEC '
§ § Other disorders of adrenal
gland

§ | Adrena cortica hypofunction §

§ §

Addison's disease

Disorder of body system

Autoimmune Dis eases

_é

Syndrom

Inflammation of specific body
systems

Infla




Acyclicity

“back edge” from a child concept to a parent concept

AN
A \ 4
B
Reflexive Direct Indirect
13,000 1800 120



Underspecification of relationships

¢ Relationship “attribute” not always present

& Relations used to create hierarchies vs. hierachical

relations
Enwmronment and Public Health [(5073
Fublic Health [(3035 850




Which tasks?

¢ Information integration
¢ Mapping

¢ Depending on the degree of human involvement
e Hypothesis generation / validation
e Knowledge discovery
e Automated reasoning

¢ Knowledge standardization
e Common format
e Common semantics



Which formalisms?

¢ SKOS - Thesaurus
e Simple Knowledge Organization Schema

¢ RDF — Concept-Relationship-Concept triples
e Resource Description Framework

¢ Description Logics / Frames
e OWL Web Ontology Language
e Protege (frames/OWL)
e OBO Open Biomedical Ontology

¢ Rule languages
¢ Formal logic




Which identifiers?

# For concepts

e Namespaces, ontologies, knowledge bases
= OBO - Open Biomedical Ontologies
= UMLS - Unified Medical Language System
= NCBI Entrez (Entrez Gene, GenBank, UniGene, ...)

e Mappings across information sources

& For relationships



Conclusions



Integrating subdomains

Other
subdomains

Model
organisms

Clinical
repositories

SNOMED

UMLS

NCBI
Taxonomy

UWDA

Anatomy

OMIM

GO

Genetic
knowledge bases

MeSH Bl_omedlcal
literature

Genome
annotations




Integrating subdomains

Clinical
repositories

Other
subdomains

Model
organisms

Genetic
knowledge bases

Biomedical
literature

Anatomy

Genome
annotations




From glycosyltransferase
to congenital muscular dystrophy

[ glycosyltransferase ]—

isa

acetylglucosaminyl-
transferase

transferase
WA C ey EG:0215

T

Muscular dystrophy, ]

has_associated_phenotype congenital, type 1D




Medical
Ontology
Research

Contact: olivier@nim.nih.gov
Web: mor.nlm.nih.gov

% Olivier Bodenreider

NATIONAL Lister Hill National Center
[IBRARYOF for Biomedical Communications
MEDICINE @ Bethesda, Maryland - USA



UMLS References

¢ UMLS
umlsinfo.nlm_nih.gov

¢ UMLS browsers
(free, but UMLS license required)
e Knowledge Source Server: umlisks._nlIm.nih.gov

e Semantic Navigator:
http://mor._nIm.nih_.gov/perl/semnav.pl

e RRF browser
(standalone application distributed with the UMLS)



UMLS References

¢ Gentle introduction

e Bodenreider O. (2004). The Unified Medical Language
System (UMLYS): Integrating biomedical terminology.
Nucleic Acids Research; D267-D270.
http://mor.nlm.nih.gov/pubs/pdf/2004-nar-ob.pdf

¢ Seminal paper

e Lindberg, D. A., Humphreys, B. L., & McCray, A. T.
(1993). The Unified Medical Language System.
Methods Inf Med, 32(4), 281-91.



http://mor.nlm.nih.gov/pubs/pdf/2004-nar-ob.pdf

Biomedical information integration
through RDF

¢ Biomedical perspective

e Sahoo S, Zeng K, Bodenreider O, Sheth AP. (2007). From
“glycosyltransferase” to “congenital muscular dystrophy”:
Integrating knowledge from NCBI Entrez Gene and the Gene
Ontology. Proceedings of Medinfo (in press).
http://mor.nlm.nih.gov/pubs/pdf/2007-medinfo-ss.pdf

¢ Semantic Web perspective

e Sahoo S, Zeng K, Bodenreider O, Sheth AP. (2007). An
experiment in integrating large biomedical knowledge resources
with RDF: Application to associating genotype and phenotype
Information. Proceedings of the workshop on Health Care and Life
Sciences Data Integration for the Semantic Web at the 16th
International World Wide Web Conference (WWW2007) (in press).
http://mor.nim.nih.gov/pubs/pdf/2007-www._ hcls-ss.pdf



http://mor.nlm.nih.gov/pubs/pdf/2007-medinfo-ss.pdf
http://mor.nlm.nih.gov/pubs/pdf/2007-www_hcls-ss.pdf
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